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AQUEOUS COMPOSITION F OR THE CHEMICAL REMOVAL OF METALL IC 
c^TTRFArTKTC; P RR.SKNT ON TURBINE BL ADES, AND ITS USE 

The present invention relates to an aqueous composi- 
10 tion for the chemical removal of metallic surfacing pres- 
ent on turbine blades, and its use. 

In particular/ the invention relates to an aqueous 
composition for the chemical removal of metallic surfac- 
ing present on gas turbine blades. 
15 Gas turbine refers to the rotary heat engine unit 

which, converts the enthalpy of a gas into useful work/ 
using gas coming directly from combustion and which sup- 
plies mechanical power to a rotating shaft. 

A turbine therefore usually comprises one or more 
20 compressors or turbo-compressors / into which air from the 
outside is brought under pressure. 

Various injectors feed the fuel which is mixed with 
air forming an air-fuel primer mixture. 

The axial compressor is piloted by an actual tur- 
25 bine/ or turbo- expander/ which supplies mechanical energy 
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to a user transforming the enthalpy of gases combusted in 
the combustion chamber. 

A turbo-expander^ turbo-compressor/ combustion cham- 
ber (or heater) / mechanical energy outlet shaft/ regula- 
5 tion system and activation system form the essential 
parts of a gas turbine plant. 

As far as the functioning of a gas turbine is con- 
cerned/ it is known that the fluid penetrates the com- 
pressor through a series of inlet ducts - 
10 In these chanelS/ the gas has low pressure and tern-, 

perature properties / whereas as it passes through the 
compressor^ it is compressed and its temperature in- 
creases. 

It then penetrates into the combustion (or heating) 
15 chamber, where it undergoes a further significant in- 
crease in temperature. 

The heat necessary for increasing the temperature of 
the gas is supplied by the combustion of the liquid fuel 
introduced into the heating chamber ^ by means of injec- 
20 tors. 

At the outlet of the combustion chamber, the gas, at 
a high temperature and pressure, reaches the turbine, 
through specific ducts, where it releases part of the en- 
ergy accumulated in the compressor and heating chamber 
25 (combustor) to the turbine blading and consequently to 
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the shaft and then flows out through discharge channels. 

As the work transferred by the gas to the turbine is 
greater than that absorbed thereby in the compressor, a 
certain quantity of energy remains available, on the ma- 
5 chine shaft, which, deprived of the work absorbed by the 
accessories and passive resistances of moving mechanical 
organs, forms the useful work of the plant. 

Turbines destined for high power production are gen- 
erally multi-step in order to optimize the yield of the 
10 transformation of energy rendered by the gas into useful 
work. 

Each step of the turbo-compressor and turbo-expander 
is designed to operate under certain conditions of pres- 
sure, temperature and gas rate. 
15 It is also known from thermodynamics that/ in order 

to obtain the maximum yield from a certain gas turbine, 
the temperature of the gas must be as high as possible. 

As a result of the pressure and temperature condi- 
tions and rate of the rotating organs, it is evident that 
20 the blading undergoes particular stress and is therefore 
subject to rapid deterioration due to wear. 

Among the various types of wear to which the blades 
are subjected, wear by erosion can be mentioned, in par- 
ticular at a high temperature, mainly caused in gas tur- 
25 bines by the impact of solid particles contained in the 
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combustion fumes on the surface of the blade. 

This phenomenon is complicated by the fact that the 
mechanical resistance of a material does not guarantee 
its resistance to wear and its characteristics must be 
5 specifically studied to enable the effects to be mini- 
mized; furthermore the properties of the erosive parti- 
cles are also important and are a fundamental parameter 
in controlling this type of wear. 

As a result of the aggressiveness of the gases, a 
10 chemical attack of the surface layer of the blades can be 
easily predictable, causing so-called corrosive wear, in 
particular xmder heat. 

Under the operating conditions of gas turbines, the 
existence of oxidative wear caused by the presence of 
15 oxygen not consumed during combustion, is also inevita- 
ble. 

The wear mechanism in operating situations such as 
those of turbine blades is, however, extremely complex 
and other forms or wear mechanisms can also be involved. 
20 Typical examples are wear-melting which takes place when 
the contact forces and rates are sufficiently high as to 
melt the first surface layers of the solid, and wear- 
diffusion obtained when the temperatures at the interface 
are high. 

25 In order to avoid the rapid deterioration of me- 
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chanical blades subjected to the above severe forms of 
wear and consequently prolong the useful life, high- 
resistant materials such as super-alloys, for example 
based on nickel-chromium and nickel-cobalt, were first 
5 proposed. 

It was verified however that the increase in operat- 
ing temperatures necessary for raising the power and per- 
formance of the machine, caused excessive oxidation in 
the super-alloys used for the blades of the turbine and 
10 compressor. 

This drawback created the necessity for providing 
protective coatings specifically studied for these super- 
alloys and for resisting the operating conditions. 

Without entering into detail with respect to the 
15 various coating processes of super-alloys, we would only 
like to mention that they can be divided into two main 
categories: those which imply alteration of the outermost 
layer of the substrate with its contact and interaction 
with the chemical species selected (diffusion coating 
20 processes) , and those which imply deposition of the pro- 
tective metallic species on the surface of the substrate 
with adhesion provided by a lower amount of inter- 
diffusion of elements (overlay coating processes) . 

These surfacings of the metallic type, which coat 
25 the metallic alar surface of gas turbine blades exter- 
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nally and internally, generally consist of Platinum- 
Aliaminum-Nlckel-Cobalt-Chromiijm-YttriiaiQ or Cobalt- 
Chromiiam-Aluminiam- Yttrium or Nickel-Cobalt-Chromiiam- 
Aluminum- Yt t r ium . 
5 On the whole/ as regards the evolution of Me- 

CrAlY coatings, wherein Me refers to one of the metals 
cited above, such as Pt/ Co etc./ applied to Ni-based su^ 
per-alloys/ one of the main damaging mechanisms is due to 
an impoverishment of the Al contained in the Ni, Co, Al 

10 phase distributed in the matrix of the coating. 

In order to feed the reformation process of the pro- 
tective scale of AI2O3 oxide which is removed by erosion 
or acid dissolution during functioning, said phase (Ni, 
Co, Al) present in the coating breaks up releasing the 

15 necessary Al. 

Diffusion processes of the Al released consequently 
take place both towards the outside surface and also with 
respect to the base metal. 

The result is that, as the functioning proceeds, the 

20 layer of coating containing the above phase (Ni, Co, Al) 
progressively thins out, remaining confined in a central 
area of the coating itself. 

In addition to the impoverishing effects of this 
phase (Ni, Co, Al) , corrosion-erosion phenomena can lead 

25 to a significauit reduction in the thickness of the coat- 
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ing. 

The two impoverishment parameters of the phase and 
residual thickness should therefore be considered as the 
main indicators of the residual life of MeCrAlY coatings. 
5 It can consequently be understood how the aggres- 

siveness of the corrosion and oxidation phenomena on the 
hot parts of gas turbines becomes more significant with a 
rise in the operating temperature in order to obtain an 
increase in the power and performance of the machine. 

10 For this reason, high temperature coatings which 

guarantee the protection of blades of the first steps 
with respect to these phenomena, are becoming increas- 
ingly essential components. 

During the functioning of the blades, as a result of 

15 the severe operating conditions, also these surfacings 
are subject to the formation of cracks and damage in gen- 
eral and must therefore be frequently checked and con- 
trolled. 

This control of the blades must be extended to the 
20 underlying surfaces of the surfacing layers consisting of 
the super-alloy base, and it is therefore necessary to 
remove the surfacing layers for varying thicJcnesses in 
order to check the base material and subsequently re- 
establish the original thickness by means of a new layer 
25 of surfacing on the base material. 
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The removal, also called ^^stripping^', of the metal- 
lic surfacings iS/ in any case, required for all testing 
and restoration activities of the blades operating in gas 
turbines . 

5 This process can be effected both chemically and 

also, at least theoretically/ mechanically* 

Mechanical removal/ however, is definitely not a 
particularly reliable technology as even if the mechani- 
cal removal action is effected with accurate methods and 

10 meanS/ it also damages the base material/ jeopardizing 
the resistance of the blades themselves and/ in addition/ 
it cannot be adopted for surfacings applied inside the 
cooling cavities and holes of the blades. 

Chemical removal is suitable for the removal surfac- 

15 ings both inside and outside the blades. 

The main drawback of the chemical substances used 
according to the known art for these applications is that 
they are excessively aggressive also for the base materi- 
als forming the blades themselves. 

20 As the thickness of the surfacings is of a reduced 

entity, from a few microns to a maximtim of about 2 tenths 
of a millimeter/ there are frequently cases in which the 
base alloy forming the blades is chemically attacked, 
during the chemical removal process/ by the acid solu- 

25 tions used, with consequent irreparable damage to the 
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blades themselves • 

The main objective of the present invention is 
therefore to overcome the above drawbacks of the Imown 
art by providing an aqueous composition capable of chemi- 
5 cally removing the metallic surfacing present on the alar 
surfaces of the blades of turbines in particular gas tur- 
bines, without causing damage to the underlying material - 

The objectives of the present invention also include 
the use of the above aqueous composition for obtaining 
10 the removal of metallic surfacing present on the blades 
of gas turbines. 

These and other objectives, according to the inven- 
tion, are achieved by an aqueous composition for the 
chemical removal of metallic surfacing present on the 
15 blades of turbines, in particular gas turbines, and its 
use for the chemical removal of metallic surfacing pres- 
ent on the blades of turbines, in particular gas tur- 
bines • 

The invention proposes the use of a selective aque- 
20 ous composition comprising at least hexaf luorosilicic 
acid and phosphoric acid for the removal of surfacing of 
blades, both internal and external, without damaging the 
base alloys forming the blades themselves even when ex- 
posed to moderately prolonged contact with time with the 
25 chemical solution. 
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The composition according to the invention is ob- 
tained by mixing at least hexaf luorosilicic acid or f luo- 
silicic acid (chemical formula HaSiFs) with phosphoric 
acid (chemical formula H3P04) in dosage percentages which 
5 are such as to obtain a final composition corresponding 
to that which can be obtained by mixing an aqueous solu- 
tion of hexafluorosilicic acid at about 34% in a quantity 
varying from 46% to 86% by volume with an aqueous solu- 
tion of phosphoric acid at about 75% in a quantity vary- 

10 ing from 19% to 49% by volume. 

When the blade has a surfacing comprising Nickel 
and/or a particularly oxidized surfacing^ in order to ob- 
tain an effective and selective chemical removal, the 
aqueous composition according to the invention also com- 

15 prises fuming hydrochloric acid at about 37% in acjueous 
solution added in a quantity varying from 0% to 15% by 
volume* 

The percentage of hydrochloric acid solution should 
therefore be considered as being additional to the total 
20 volume of the bath. 

The terms ""at about 34%'' referring to hexafluoro- 
silicic acid, '^at about 75%'' referring to phosphoric acid 
and ^*at about 37% referring to hydrochloric acid, indi- 
cate a certain variability in the composition of starting 
25 reagents which can be estimated at about 3-5% by weight 

10 
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of the aqueous solution of reagents / consequently the ef- 
fective weight percentage of hexaf luorosilicic acid, for 
example, from the declared titer of 34%/ can be between 
34% and 35% and even more in relation to the commercial 
5 availability. 

The same thing can be said for the other reagents 
and other starting titers; it should be pointed out that 
as far as hydrochloric acid is concerned/ 37% represents 
the upper concentration limit which can be practically 
10 obtained. 

These reagents can be produced/ moreover/ with dif- 
ferent processes and still have different titers and con- 
sequently/ although the invention has been embodied with 
reagents in the concentrations indicated above/ it is 

15 possible/ remaining included in its scope, to use/ in the 
composition according to the invention/ higher percent- 
ages of more diluted reagents and vice versa lower per- 
centages of more concentrated reagents to obtain an aque- 
ous composition having the above-mentioned concentrations 

20 of reagents. 

In other wordS/ the titer of the starting reagents 
can vary in relation to the productive process of said 
reagents and can also have very different concentrations/ 
such as for example hexaf luorosilicic acid/ which can be 

25 found in aqueous solution with titers varying from 22% to 



11 



wo 2004/031448 PCT/EP2003/0 10988 

25% and again from 34% to 35% and yet again from 37% to 
42%/ to quote just a few possibilities. 

The composition according to the invention is there- 
fore also appropriately expressed in relation to the op- 
5 erating quantities in which it is used/ bearing in mind 
that the so-called ^^bath'' in which the blades to be 
treated are immersed/ as an illustrative but non-limiting 
example/ can have a volume in the order of 1000 litres. 

From what has been specified/ an aqueous composition 

10 according to the invention comprises at least hexafluoro- 
silicic acid and phosphoric acid in the following concen- 
trations: hexafluorosilicic acid from 156.4 g/1 to 292.4 
g/1; phosphoric acid from 142.5 g/1 to 367.5 g/1. 

If necessary/ as previously mentioned/ a further ad- 

15 dition of hydrochloric acid is effected in a concentra- 
tion substantially varying from 0 to 48.3 g/1 in the spe- 
cific case mentioned of a 1000 litre bath by respectively 
adding from 0 to 150 litres of fuming hydrochloric acid 
solution at 37%/ to the composition initially obtained/ 

20 thus obtaining a final bath with a volume substantially 
ranging from 1000 to 1150 litres with the above concen- 
trations expressed on the basis of the overall volume of 
the bath. 

The composition obtained is used for the removal of 
25 metallic surfacing on gas turbine blades heated to tem- 
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peratures ranging from 60 ''C to 90**C for operating times 
varying from 4 to 15 hours. 

The preparation process of the aqueous composition 
according to the invention envisages at least a first 
5 mixing phase of hexaf luorosilicic or fluosilicic acid 
(chemical formula HaSiFe) with phosphoric acid (chemical 
formula H3PO4) . 

This preparation process of the composition accord- 
ing to the invention can be integrated with a further 
10 mixing phase of flaming hydrochloric acid at 37% in aque- 
ous solution in a quantity varying from 0% to 15% • 

The present composition is preferably used for the 
removal of metallic surfacing layers on gas turbine 
blades, said use is described in the following example 
15 with reference to the enclosed figure illustrating the 
results of a removal test of the surfacing layer of a gas 
turbine blade. 

In particular, the enclosed figure shows the thick- 
ness removed of a Nickel-Cobalt-Chromium-Aluminum-Yttrium 
20 surfacing on a gas turbine blade in relation to the time, 
using the aqueous composition according to the invention. 
EXAMPLE 

A Nickel-Cobalt-Chromium- Aluminum- Yttrium surfacing 
on a gas turbine blade was treated with an aqueous compo- 
25 sition obtained by mixing hexaf luorosilicic acid in aque- 
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ous solution at 34% with phosphoric acid in aqueous solu- 
tion at 75% in dosage percentages as mentioned edDOve. 

The final aqueous composition thus obtained^ heated 
to a temperature of 60^*0 was kept in contact with the 
5 surfacing layer by immersion of the gas turbine blade for 
a time of 15 hours thus obtaining the removal of the sur- 
facing layer, expressed in relation to the immersion time 
and illustrated by the curve trend indicated in the fig- 
ure. 

10 Said removal varies from a value of 42 microns (jim) 

after 4 hours of immersion of the blade in the composi- 

tion to a value of 153 microns (jim) after 15 hours of 
treatment • 

From a micrographic test carried out after the 
15 treatment/ no visible damage of the base alloy layer 
forming the blade was observed. 
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